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CNdtBASmO TOE MOLECULAR WEIGHT OF POLYESTERS AND FREMDC USEFUL FOR THIS 
PROCESS 

Hie present in vendon relates to a process for increasing the molecular weight of 
polyesters and to the polyesters obtainable by said process. 

Pdyesteis as exemplified by polyethylrae terephdialate (PEl) and polybutylene 
terepbthalate (PBT) are important thennoplastics belonging to the gronp of engineering 
plastics. Partially crystalline polyesters are used for injection moulding compounds and 
have superior strength and rigidity, high dimensional stability and good wear properties. 
Amorphous polyesters have high transparency, superior toughness and very good 
resistance to stress-cracking, and can be processed to holiow objects. The mechanical and 
physical properties depend essentially on die molecular weight of die polymer. Reduced 
molecular weight makes possible only a limited ingb-qnality recycling of used poiyestezs 
and production waste without carrying out an aftatreatment 

It is generaUy Imown to enhance the material properties of used polyesters, ix. polyesten 
damaged by heat or hydrolysis, which damage is typically accompanied by amdecular 
weight reductioiL As polycondensates, polyesters may be treated by a postoandensation in 
die soM state (S. Fakirov, Kunststoffe 74 (1984), 218 and R£. Grutzner, A. Koin^ 
Kunststoffe 82 (1992), 284). However, this metiiod is troublesome and is, moreover, 
hi^y sensitive to the impurities diat may be presem in waste materiaL 

It is therefore the object of diis invention to provide a practicable process that makes it 
possible to increase the molecular weight of polyesters, especially FET, in a relatively 
short time. 

Surprisingly, it has been fiDund possible to increase the molecular wdght of polyesters 
substantially by fusing die polyester and blending it widi a mixture of at least one 
difvinctional epoxy resin and a sterically hindered hydroxyphenylalkylphosphonic add 
ester or half-«ster. This molecular weight increase effects an enhancement of the 
properties of the polyesters, preferably f those used for injection moulding and of 
recyclates, especially P!ET botde scrap material. 
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AccQtdingly, the invention relates to a process for increasing the molecular weight of 
polyesters, which comprises heating a polyester blended with a difimctioDal epoxy resin 
and a sterically hindered hydroxyphenylalkylphosphonic add ester or half-ester to above 
the melting point (glass transidon temperature) of the polyester. 

The invention is. however, also suitable for affording effective stabilisation of a polyester 
during processing if a molecular weight increase is not the intended objective. 

The polyesters may be homo- or copolyesters that are derived ham aliphatic* 
cycloaliphatic or aromatic dicarboxylic acids and diols or hydroxycarboxylic acids. In 
addition, mixtures of these polyesters or of polyesters with further plastics are also 
suitable, for example PBT/PC or PBT/ABS. Their composition will depend essentially on 
the desired properties fora specific end use. 

The aliphatic dicarboxylic acids may contain from to 2 to 40 carbon atoms, the 
cycloaliphatic dicarboxylic adds from 6 to 10 carbon atoms, the aromatic dicarbox^ic 
adds from 8 to 14 carbon atoms, the aliphatic hydrocarboxylic adds from 2 to 12 carbon 
atoms and the aromatic and cydoaliphatic hydroxycarboxylic adds from ? tt> 14catbon 
atoms. 

The aliphatic dials may contain from 2to 12 carbon atoms, the cycloaliphatic dids from 5 
to 8 carbon atoms and the aromatic dids from 6 to 16 carbon atoms. 

Aromatic diols will be understood as meaning those in \diich two hydroxyl ffoaps are 
bonded to one or to differem aromatic hydrocarbon radicals. 

The polyesters may also be branched with minor amounts, ^picaUy 0.1 to 3 mol %, based 
on the dicarboxylic adds, of more than difunctional monomers (e.g. pentaeiytfatitol or 
trimellitic add). 

If the polyesters are based on at least three monomers, said monomers can be randomly 
distributed, or they may be block polymers. 

Suitable dicarboxylic adds are linear and branched saturated aliphatic dicarboxylic adds, 
aromatic dicarboxylic adds and cycloaliphatic dicarboxylic adds. 
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Suitable dicarboxylic adds are those containing 2 to 40 carbon atoms, typically oxalic 
acid, malonic add, dimethylmalonic add, sucdnic add, octadecylsocdnic acid, piinelic 
add, adipic add, trimethyladipic acid, sebadc add, azelaic add and dimer adds 
(dimetisation prodocts of unsaturated aUphatic caiboxylic adds such as oleic add), 
alkylated malonic and sucdnic adds such as octadecylsuccinic acid. 

Suitable cydoaliphatic dicarboxylic adds axe: 

13-cydobutanedicarboxylic add, 13-cydopentanedicarboxylic add, 1,3- and 
1,4-cydobexattedicaibaxylic add, 13- and l,4-(dicarboxylmethyl)cydohcxane, 
4,4*-dicycl(diexyldicarboxy]ic add. 

Suitable azomatic dicarboxylic adds are: 

prefexably terephtfaalic add, isophthalic add, o-phdxalic add. as well as 13-. 1^. 2,6- or 
2,7-naphdialenedxcarboixyiic add, 4,4'-dipheo^dicarboKylic add. 4,4*-diphenylsnIfcntecar- 
boxylic add, l,13-trimediyl-5-cazboxyl-3-Q>-carboxylphenyl)ittdane, 4,4'-dipben^ etter 
dicarboxylic add, bis-p-(cazboxyiphenyl)metbane* 

The aromatic dicarixixylic adds are prefened, induding in particular terephdialic add and 
isophthalic add. 

Further suitable dicarboxylic adds are those that contain -00-NH- groups and ix^dch are 
disclosed in 2 414 349. Dicarboxylic adds that contain N-hetoocydic rings aie 
also suitable, for example those are derived torn carboxylalkylated, carboxy^henyla- 
ted or carboxybcnzylatcd monoamine-fr-ttiaadttedicarboxylic adds (q.v. DE-A 2 121 184 
and 2 533 675), mono- or bishydantoins, benzunidazolenes or halogenaied 
benTnnidazolencs orparabanic add. The carboxyalky I groups may contain from 3 to 
20 carixm atoms. 

Smtable aliphatic diols aie die linear and branched aliphatic glycols, preferably those 
containing 2 to 12, most preferably 2 to 6, carbon atoms in the molecule, typically 
including: 

ediylene glycol, 1,2- and 1,3-propy]^ glycol, 1,2-, 13-» 23- or 1,4-butanediol, pentyl 
glycol, neopeniyl glycol, 1,6-hexanediol, 1,12-dodecanedioL A suitable cydoaliphatic diol 
is conveniently 1,4-dihydroxycyclohexane. Further suitable aliphatic diols are typically 
l,4-bis(bydrQxymethyl)cyclohexane, aromatic-aliphatic diols such as p-xylyloie glycol cr 
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2^-<iichiaro-p-xylyIene glycol, 2^-(p-hydn>xyethoxyphenyI)propane, as well as 
polyoxyalkylene glycols such as diethylene glycol, triethylene glycol or polyethylene 
glycoL The alkylene diols are preferably linear and preferably contain 2 to 4 carbon atoms. 

Prefexied diols are the alkylene diols, 1,4-dihydroxycyclohexane and l,4-bis(hydrQxy- 
methyl)cyclohexane. Ethylene glycol and 1,4-butanediol are especially piefened. 

Further suitable aliphatic diols are the P-hydroxyalkylated, preferably p-hydroxyediylated, 
bisphenols such as 2,2^bis[4'-(P-hydroxyethoxy)phenyl]pn>pane. Further bisphenols are 
mentioned hereinafter. 

A further group of suitable aliphatic diols comprises the heterocyclic diols disclosed in 
German Qfifenlegungsschiift specifications 1 8 12 003, 2 342 432, 2 342 372 and 2 453 326 
Illustrative examples are: 

N,N*-bis(p-hydnixyetfayl-5,5-dimetiiyl)hydantoin, N J^-bis(P-hydroxypro!pyl-5,5- 
dimetiiyl)hydantoixumethylenebis[N-<^hydrQxyethyl)r5-inetfayl-5<tfaylfayd^ 
metiiylenebis[N-(P-hydroxyetiiyl)-54-dimethylhydantcnn], N,N*-fais(p-hydn)xy- 
etfaylbenzylixnidazolone, -(tetrachIan>)benzinudazolone or -(tetrabromo)benamida75nlone. 

Suitable aromatic diols are mononuclear diphenols and, preferably, dinuclear diphcnols 
vMcAi carry a hydroxyl group at each aromatic nucleus. By aromatic are meamprc£aably 
aromatic hydrocarbon radicals such as phenylene or n^hthylene. In addition to e.g. 
hydroqumone, those bisphenols merit special mention tiiat may be illustrated by the 
following formulae: 





R" 



R' 
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R' 



HO 
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The hydioxyl groups may be ia m-position, but aie preferably in p-positicm. R* and R" in 
this formalaniay be alkyl of 1 to 6 carbon attnns, halogen such as diloro or faromo and, in 
particular, hydrt>gen atoms. A may be a direct bond or O, S, SO2, 00, P(0)(Ci-C2oalkylX 
nnsubsdmted or substimted allcylidene, cydoalkylideDe or aUc^ene. 

Unsubstitoted or substituted alkylidene is exemplified by: 

ediylidene, 1. 1- or 2,2-propyHdette, 2,2-butylidene, 1,1-isobutyIidene, pentylidene, 

bexylidene, hqnylidene, octylidene, dichlaroethylidene, trichloioediylidette. 

niostrative examples of imsubstituted or substituted aOcylene are metfaylene^ etfaylene, 
pheoylmethylene. diphenylmethykne, mediylphenyhnediylene. Illnstxative examples of 
cycloalkylidene are cydopentylidene, cyclohexylidme, cycloheptylidene and 
cyclooctylidene. 

Illustrative examples of bisphenols are: 

bis(p-hydroxyphenyl) edier or thioether, bis(p-hydioxylphenyl)sulfbae, bis(p-hydraxyl- 
phenyl)methane, l^bisO[>-hydroxylphenyl)ethane, l-phenyl-bisQ[>-hydtDX^henyl)me- 
thane, diphenyl-bis(p-bydiaxylphenyl)methane, diphenylbis^hydrQxylphenyl>metfaane, 
2,2^(4'-faydnixy-3*-dimethylphenyl)prop8ne, 1,1- or2,2-bis(p-hydiQxyphenyl)bataiie, 
1,1-dichloro- or l,l,l-trichlQn>-2,2-bis(p-hydiDxylphenyl)etliane, l,l-bis(p-hydrDxylphen- 
yl)cyclopentane and, preferably, 2,2-bis(p-hydn>xyphenyl)propaiie (bisphenol A) and 
l,l-bisQp-hydroxyphenyI)cyclohexane (bisphenol C). 



Suitable polyesters f hydroxycarboxylic acids typically include polyc^nolactone. 
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polypivalolactonc or the polyesters of 4-hydioxycyclohexanecarboxylic add or 
4-hydn>xybenzoic acid. 

. Polyesters with aromatic dicarboxylic acids have achieved the greatest impartance, in 
particular the polyalkylene terephthalates. Inventive moulding materials arc therefore 
preferred in which the polyester is comprised of at least 30 mol %, prcfienbly of at least 
40 mol %, of aromatic dicaifooxylic adds, and of at least 30 mol%, preferably of at least 
40 mol of alkylenediols containing preferably 2 to 12 carbon atoms, based on the 
polyester. 

Especially in this case the alkylenediol is linear and contains 2 to 6 carbon atoms and is 
exemplified by ethylene, trimethylene, tetramethylene or hexamethylene glycol and die 
aromatic dicarixxxylic add tcrcphthalic and/or isophthalic add* 

Particulariy suitable polyesters are PET, PBT and CQtresponding copolymers and blends, 
as exemplified by PBT/PC, PBT/ASA, PBT/ABS, PET/ABS, PET/PC or also 
PfiT/PET/PC, which predominantly contain the indicated polyesters; PET and its 
^ copolymers as well as PBT blends being especially prefiened. 

The most preferred polyester is the amorphous PET used for the numnfflcturp of 
blow-moulded bottles. A further preferred form comprises the polyester lecyclates 
originating from domestic and industrial waste or from nsefbl material oollecrions^ fimn 
production waste or from obligatory letumables. These polyester recyclates consist 
primarily of PET bottle materials of difiierent provenance and having a varying degree of 
damage. These tecydates may also contain minor amounts of other polymers, including 
polyolefinsorPVC 

These recyclates may furthermore contain standard impurities such as dye tcstdnes, paint 
residues, metal traces, fud residues or inorganic salts. 

Difunctional epoxy resins may have an aliphatic, aromatic, cycloaliphatic araliphatic or 
heterocyclic structure. They contain q>oxy groups as side groups or these groups fonn part 
of an alicydic or heteixxryclic ring system. The epoxy groups are preferably linked to die 
residual molecule as glycidyl groups through ether or ester bonds, or they arc N-glyddyl 
derivatives of heterocyclic amines, amides or imides. Epoxy resins of tiiese types are 
commonly known and commercially available. 
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The epoxy resins contain two epoxy radicals, typically those of formula I 

O 

— CH-(CH2)jj-C^-CH , (D 
Ri R2 R3 

which radicals are linked direct to carbon^ oxygen, nitrogen or sulfur attuns, wherein R| 
and R3 are both hydrogen, R2 is hydrogen or methyl, and n = 0, or wherein R| and R3 
taken together are or -CH2'<IH2-CIH2', in which case R2 is hydn^gen and n » 0 
orl. 

Illustrative examples of epoxy resins are: 

I) Diglyddyl and di(^inethyl|^yctdyl) esters which are obtainable by reacting a 
compound containing at least two carboxyl groups in the molecule and epichlorofaydiin or 
glycerol dichlorohydrin or P-mediyl epichlarohydiin. Hie reaction is conveoieody canied 
out in the presence of a base. 

Gompouiids containing at least two carboxyl groiq>s in die inoleciile m 

aliphatic polycaiboxylic adds. Exemplaiy of these polycarbox^ adds are ghitaiic add, 

Adipic add, piinelic add, SDbenc add, azelaic addt-sebadc add or dimeri^ 

Cydoaliphatische dicarboxylic adds may also be used, for example tetrahydrcq>hdialic 
add, 4-inethyltetrahydrQphthalic add, hexahydrophthalic add or 4-mediylhexahydn>- 
pMhalic arid. 

Annnatic dicarboxylic adds may also be used, induding phtfaalic add or isophdialic add. 

Q) Diglyddyl or diCM^cthylglyddyl) ethers which are obtainable by reacting a compound 
containing at least two &ee alcoholic hydroxyl groups and/or phenolic hydroxyl gnmps in 
the molecule with a suitably substituted epichlorohydxin under alkaline conditions or in 
the presence of an add catalyst and subsequent treatment with an alkali 

Ethers of this type are typically derived horn acyclic alcohols such as ethylrae glycol, di- 
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cihylcne glycol and higher poly(oxycthylcne) glycols, 1^-propanediol, or poly(oxy- 
prppylene) glycols, 1,3-propanediol, 1.4-butanediol, poly(oxytetramethylene) glycols, 
1,5-pentanediol, 1,6-hexanediol, sorbitol, as well as from polyepichlorohydrins. 

They may also be derived from cycloaliphadc alcohols such as 1,3- or 1,4-dihydroxy- 
cyclohexanc, bis(4-hydn)xycyclohexyl)methaiie. 2,2-bis(4-hydioxycyclohcxyl)propane or 

1.1- bis(hydioxymethyl)cyclohex-3-ene, or they contain axomatic nadei, such as 
N,N-bis(2-hydroxyethyl)aniIine or p,p'-bi5(2-hydnixyetfaylaxmno)diphenylmetfaane. 

The epoxy resins may also be derived from mononuclear phenols, as from lesorcinol, 

1.2- benzenediol or hydioquinone, or they are based on polynuclear phenols scdi as bis(4- 
hydrDxyph^yl)methane, 2,2-bis(4-hydn>xyphenyl)pn>pane, 2,2-bis(3>^ibromo-4-hy- 
droxyphenyl)pn>pane, 4,4*-dihydroxydiphenylsulfone, or 9,9-bis(4-bydn)xyphenyI)£Uior- 
ene, or on condensates of phenols widi fionnaldehyde which are obtained under add 
conditions, for example phenol novolaks. 

m) Bis(N-glyci<fyl) compoonds, obtainable t^iically by dehydrodilorinaiion of die 
reaction products of epicUorohydrin with amines wlucb contain two aniino h 
atoms. Tliese amines are typically aniline^ toluidine, n-butylamine, bis(4-amino- 
phenyl)metfaane, m-xylylenediamine or bis(4-methylaminophen^>methane. 

The bis(N-glycidyl) compounds, however, also include NJ^'-diglyddyl derivatives of 
cycloall^lene ureas such as etfaylenetirea or 13-pppylenenrea, and NJ<r-di|^ycidyl 
derivatives of hydantoins, typically of 54-dimetfaylhydantQin. 

IV) Bi5(S-glycidyl) compounds, typicaUy bis(S-glycidyl) derivatives that are derived 
from dithiols such as 1,2-ethanedithiol or bis(4-merc^tometii^henyl) etiier. 

V) Epoxy resins containing a radical of formula I, wherein and R3 together are 
-CH2-CH2- and n is 0, typically bis(23-^xycydopratyl) eflxer, 23-epoxycyclopen^l- 
glyddyl ether or l,2-bis(2,3-epoxycyclopratyloxy) ethane, l^xixy resins oontaiiung a 
radical of formula I, wherein Rj and R3 together are -CH2-CH2- and n is 1, is typically 
3,4-epOKy-6-metbylcydohexyl-3%4'-epoxy-6*-methylcyclohexanecaiboxylate. 



By reas n of the preparative process, the above-m^oned difrmctional epoxy resins may 
contain minor am unts of mono- or trifuncti nal groups. 
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Diglycidyl compounds of aromatic structure are mainly used. 



It is also possible to use a mixture of epoxy resins of different structure. 

Pardcnlariy preferred difunctional epoxy resins are diglycidyl ethers of bisphenols. 
typically 2>bis(4-hydroxypbenyl)piopane (bisphenol A), bis(4-hydrDxyphettyl)sulfiDDe 
(bisphenol S) or mixtures of bis(0(rtho-4)ara-hydroxyphenyl)melhane (bisphenol F). 

Solid epoxy lesins of the diglyddyl ether of bisphenol A type are very paitiCQlaxly 
prcfeiied» e.g.: Araldite® GT 607U GT 7071, GT 7072. GT 6097 and CT 

Sterically hindered hydroxyphenylalkylphosphonic add estcis and half-esters are 
disclosed, inter alia, in US-A-4 778 840, and nuy be iUustrated by die followin 



wherein 

Ri is isopropyl, tert-butyl, cyclohexyl or cydohexyl which is substituted by 1 to 3 
Cj-Qalkyl grDiq>s; 

R2 is H, CpQalkyl, cyclohexyl or cyclohexyl which substituted by 1 to 3 Ci-QallQrl 
groups; 

R3 is Ci-C2S^BiSkyl or substituted or nnsubstitnted phenyl or na^hthyl; 

R4 is H, Ci-C2oaUcyl or substituted or nnsubsdtuted phenyl or ni^hdiyl; 

M^^ is a divalent metal cadon, and 

n is 1 to 6. 

Substituents defined as alkyl containing up to 20 carbon atoms may suitably be mediyl. 
ediyl, propyl, butyl, pratyl, hexyl and octyl, steaiyl, as well as corresponding branched 
isomers. C^-QAlkyl is preferred. 
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Suitable substiiuents of the phenyl or naphthyl radicals are typically Cj-Qalkyl groups. 
Suitable divalent metal cations are Zn, Ba, Ca and Mg. Ca is particularly piefencd. 

Preferred compounds of formula (U) are those that contain at least one tert-butyl group as 

Ri or R2. Compounds in which Rj and R2 are tert-butyl (in the formulae: | ) are 
very particularly preferred. 

Preferably n is I or 2 and, most preferably, 1. 

Very particularly prefierred sterically hindered hydroxyphenylalkylphosphonic acid esters 
and half-cstcrs are 




The process can be carried out in any beatable apparatus fitted wi A a stirrer. The process 
may, however, also be carried out in an extruder or in a kneader. It is immaterial whether 
the process is carried out tmder an inert gas atmosphere (N2) or in the presence of 
atmospheric oxygen. 

The polyester material to be heated and the mixture of q)oxy xesin and phenol are usuaUy 
charged to the qjparatus at die start of heating; but a subsequent addition of the epoxy 
resin^henol mixture to the polyester is also possible, in which case the mixQire itself may 
be added or else the single components may be added in any order. For the addition, die 
epoxy resin aitd the phenol can independendy of each other be in the form of a powder, 
liquid, granulate or in compacted form, or also in some cases on a substrate such as silica 
gel or togedier widi apolymer powder or wax such as a polyethylene wax. Heating to 
above the melting point or glass transition temperature is normally carried out witii stirring 
until the q)Oxy resin^henol mixture is homogenised. The temperature will depend on the 
polyester used. In the case of crystalline polyesters it is preferred to carry out die process 
in die range fitom die melt temperature to about SO^C above the melt temperature. In die 
case of amorphous polyesters, die process is carried out in the range from c 50°C to 



wo 94/24188 



fCT/EF94/0110S 



-11- 

150**C above the respective glass transition temperature. 

Usually firom 0.05 part to 10 parts, preferably from 0.10 to 3 parts, of a difimctioxial qxxxy 
lesin and 0.01 part to 5 parts, preferably 0.05 to 1 part, of a sterically hindeied hydioxy- 
phenylalkylphosphonic add ester or half-ester, are added per 100 parts of polyester. The 
amount of epoxy resin and sterically hindered hydroxyphenylalkylphosphonic add ester or 
half-ester will depend on the initial molecular wdght of the polymer and on the desired 
final molecular wdght Thus, when using a severely damaged polyester, Le. one having a 
low molecular wdght, it is preferred to use an epoxy resin and a phenol in die upper 
wdght region. But if only a low increase in molecular wdght is desired, then it is 
prefe rred to use an epoxy resin and a phenol in low concentration, most especially if it is 
desired to effect only stability during processing. 

In addition to the mixture of a difimctional epoxy resin and a sterically hindemi hydroxy- 
phenylalkylphosphonic add ester or half-ester, it it also possible to add different 
modifiers, preferably stabilisers, to the polyester. Those skilled in the art will be fomiUar 
with these stabilisears, iiduch wiU be chosen in acconiance widi the sped& 
made of the final product In particular light staUliscrs or also antioxidants can be added 
(Tlastics Additives Handbook", Ed. R. GSchter and H. MfiUer, Hanser Verlag, 3rd ed. 
1990; in particular pages 92/94 und2SS/2S9). It is also possible to add further ingredients, 
typically slip agents, mould release agents, fillers or rdnfbrdng agrats such as glass 
fibres, flame retardants, antistatic agents. 

Particularly suitable stabilisers indude: 

a) Antioxidants such as 

the esters of P-(34-di-tcrt-butyl-4-hydrcwcyphenyl)propionic acid and P-(5-teft-but^-4-hy- 
dn]xy-3-methylphenyl)-pn>pionic add with monohydric or polyhydric alcohols, for 
example witii methanol, octadecanol, 1,6-hexanediol, neppentyl glycol, tiuodietfaylm 
glycol, diediylene glycol, tiiethylene glycol, pentaeiytiiritol, tiisOiydroxyediyl)isocyanur- 
aie. N,N'-bis(hydn>xyethyl)Qxamide, as well as the anudes of these adds, e.g. N,N*-bis- 
(3,5-di-tErt-butyl-4-hydroxyphenylpropionyl)hexametiiylwiediamine,NJ^'-bis{3,^^ 
butyl-4-hydn)xyphenylpropionyl)trimediylenediamine and N J^-bis(3,5-di-tert-butyl-4-hy- 
droxyphenylpropionyOhydraane. 



Prefenedanti xidants arc those of the Irganox 1098 and Irganox 245 type, preferably in 
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conjunction with aromatic phosphites or phosphonites. Illustrative eiiamples of such phos- 
phites or phosphonites are triphenyl phosphite, diphenyl alkyl phosphites, phenyl dialkyl 
phosphites, tris(nonyIphenyl)phosphite, trilauiyl phosphite, trioctadecyl phosphite, distear- 
yl pentaerythiitol diphosphite, tris(2,4-di-teit-butylphenyl)phosphite, disteaiyl pentaeiy- 
thritol diphosphite, bis(2,4-di-tert-butylphenyl) pentaetythritol diphosphite, tristeaiyl sor- 
bitol triphosphite, tetrakis(2,4-di-tert-butylphenyl)-4.4*-biphenylette diphosphonite, 3,9- 
bis(2,4-di-tert-butyl-4-methylphenoxy)-2,4,8,10-tctnu*xa-3,9-diphosphaspOT 
cane, 3,S^tris(2,4,6-tiis-teil-butylphenoxy)-2,4,8,10-tetraoxa-3,9-d2phosph^ 
cane and 2,2'-ethyIidene-bis(4,6-di-tert-butylphenyl)flua(rophosphite. Iigafos 168 is 
particulady preferred. 

b) Light stabilisers such as 

1. 2-(2*-HvdroxYphenvl)ben20triazoles. for example 2-(2'-hydnixy-5*-methylphenyl)- 
benzoiriazole, 2^',S'-di-tert-butyl-2'-hydroxyphrayl)beazotziazoIe, 2-(5'-ten-batyl-2'- 
hydroxyphenyl)benzotxiazole,2-(2'-hydraxy-S'-(l,133-tetramethylbixtyl)phenyl)beii^ 
tciazole, 2^',5'-di-ten-bmyl-2'-hydzoxyphenyl)-5-cfalarc>-bett20tria2iole, 2^'-teit-biityl- 
2'-hydraxy-5''metfaylphenyl)-5-chlarD-ben2Dtriazole, Z<3'-seo-butyl-5*-tcrt-batyl-2*- 
hydroxyphrayOboizotriazole, 2-(2'-hydrDKy-4*-octyIoxypheii^)benzotriazole, 2-(3*,S'- 
di-tcrt-amyl-2'-bydroKyphenyl)benzotiiazole,2-(3'4'-bis-(a,ardiniethyl^^ 
hydrQxyphenyI)benzotiiazole, mixture of 2^'-tcrt-bmyl-2'-hydnixy-5'-(2K)ctylaxycar- 
bonylediyl)phenyI>-S-chlon>-benzotriazole, 2-(3-tcit-butyl-5-[2^Q-etfaylhexyloxy)-car- 
bonylethyI]-2*-hydnxxyphenyl)-5'ChIoro-ben2DtriazoIe. 2-(3 -tert-bntyl-2*-hydnixy-5*-(2- 
methoxycaiboiiylethyl)phenyI)*5-<±laro-benzotiia2oib,2-(3-tert-bixtyl^^ 
methoKycarfooayle±yl)phenyl)benzotriazole,2-<3'-tBn-batyl-2'-hydnixy-5'-^^ 
oxycaibonyletfayl)phenyl)benzotriazole,2-(3'-ten-ba^l-542^<2-ediylhe^ 
ethyI]-2'-hydKixyphenyl)benzotnazole, 2-(3*-dodecyl-2'-hydniKy-5'-methylphenyl)bcnzo- 
triazole, and 2^(3'-teTt-butyl-2'-hydroxy-5*-<2-isooctyloxycaibonylediyl)phenyIbenzotti- 
azole, 2,2-methylen&-bis[4-(l,133-tetramethylbutyl)-6-benzotiiazoIe-2^yIphen^ the 
transesterification product of 2-[3 -ten-butyl-5 -(2^methoxycarfooayletfayl)-2 -hydraxy- 
phenyr|-2H-benzotiiazole witii polyethylene glycol 300; [R-CHjCHj-OOOCCiy^j- , 
where R = 3 -tert-butyl-4'-hydroxy-5*-2H-bcnzotria2ol-2-ylphenyL 

2. 2-Hvdroxvbenzophenones . for example the 4-hydroxy, 4-methoxy, 4-octyloxy, 4-decyl- 
xy, 4-dodecyloxy, 4-benzyloxy, 4,2',4*-tiihydroxy and 2'-hydroxy-4,4'-dimethaxy deri- 
vatives. 
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3. Esters of substituted and unsubstimted benzoic acids , as for example 4-tertbutyl-phenyl 
salicylate, phenyl salicylate, octylphenyl salicylate, dibenzoyl rcsorcinol, bis(4-tert-butyl- 
benzoyl) rcsorcinol, benzoyl rcsorcinol. 2,4-di-tertbutylphenyl 3.5-di-tert-butyl-4- 
hydroxybenzoate. hexadecyl 34-di-tert-butyl-4-hydiDxybenzoate, octadecyl 3.5-di-tcrt- 
butyl-4-hydrDxybcn2oate, 2-methyl-4,6-di-tert-butylphOTyl 3.5-di-tcn-butyl-4-hydroxy- 
benzoate. 

4. Acrvlatcs. for example ethyl a^yma-^J^phcaylaciylBSc^ isooctyl a-cyano-P,Mi- 
phenylacrylate, methyl a-carbomethoxycinnamate, mcdiyl a-cyano-p-methyl-p-medioxy- 
draiamate, butyl a-cyano-p-methyl-p-methoxy-dnnamate, mediyl a-caibomeduwy-p- 
methoxydnnamate and N-(P-carbornethoxy-P-cyanovinyI)-2-methylindoline. 

5. Nickel compounds, ftjr example nickel complexes of 2.2'-thio-bis-[4-(1433-tBtra- 
methylbutyl)phenoI}, such as the 1:1 or la complex, widi or without additiona l ligands 
such as n-butylamine. tiieihanotlamine or N-cydohexyldiethanolnmine. nxckel dibnQddi- 
diiocaibamate, nickel salts of the monoalkyl estas, eg. die mediyl or ediyl ester, of 4- 
hydrDxy-3.5-di-tert-biitylbenzylphosphQnic add. nickel complexes of ketoximes. e.g. of 
2-hydioxy-4-mediylphenyl undecylketoxime. nidflel complexes of l-pheiqrl-4-lanroyI-5- 
hydroxypyrazole, with or without additional ligands. 

6. Stericallv hindered amines, for example bis(2Afi»6-tetramediyl-rtp«idyl)sebacate, bis- 
(2.2,6.6-tetrametfayl-piperidyl)succinate, his(I A2,6.6-pentamediy^iiperidyl)sebacate. Ws- 
(1 A2,6.6-pentamethylpipcridyl) n-butyl-34-di-tcrt-butyl-4-hydioi^ben2ylmalonate, the 
condensate of l-(2-hydroxyediyl)-2A6.6-tetramethyl-4-hydroxyiHperidine and succinic 
acid, the condensate of NJ4*-bis(2A6,6-tetramediyl-4-pq)eridyl)hexamediylenedianune 
and 4-tBrt-octylamino-2,6-dichloro-13^-triazine, tiis(2A6,6-tBtramediyl-4-pq)eridyl) 
nitritotriacetate, tetrakis(2A6.6-tetramethyl-4- pipcridyl)-l A3,4-butane-tetracari)OX3datc, 
l,r-(l,2-ethanediyl)bis(33.5,5-tetramethylpipexazinone). 4-benzoyl-2A6,6-tetramediyl- 
piperidine, 4-stearyloxy-2A6,6-tetramethylpiperiduie, bis(l A2,6.6-pentamethyl- 
piperidyl)-2-n-bntyl-2-(2-hydiDxy-3.5-di-tgrt-butylbenz)d) m a 1on ate, 3-n-octyl-7,7,94>- 
tetramethyl-13.8-tiiazasprio[4.5]decan-2,4-<iion. bis(l-oci5doxy-2A6.6-tcirametfiyl- 
piperidyl)sebacate, bis(l-octyloxy-2.2,6,6-tetramediylpipcridyl)succinate. the co n densate 
of N,N'-bis-(2.2.6,6-tctiamerfiyl-4-pq)eiidyl)hexamethylenediamine and 4-mor- 
pholino-2.6-dichloro-1.3.5-tiiazine, the condensate of 2-chloro-4,6-bis(4-n-butylainino- 
2,2,6.6-tetramethylpipcridyl )-1.33-triarine and l>bis(3-aminoprDpylamino)eihane, the 
condensate of 2<hloro-4.6Kli-(4-n-butylamina-1.2.2,6,6-paitamethylpipciidyl>- 
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1,3^-tiiazine and l^-bis-(3-aminopropylamino)cthane, 8-acetyl-3-dodecyI-7,7,9.9-tetia- 
methyH3,8-tria2aspiro[4.5]decane-2,4^one, 3-dodecyl-l-(2;2,6.6-tetramethyl-4-iripeai- 
<iyl)pyiiolidin-2,5-dione, 3-dc)decyl-l-(i;JA6,6-pcntametfiyI-4-piperidyl)pyrroIid^ 
2^-dione. 

7. Oxamides. for example 4.4*-dioctyloxyoxanilide. W-dioctyloxy-S^'-di-tert-butoxam- 
lide, 2^*-didodecyloxy-5»5*-di-tcit-butoxanilidc 2-cthoxy-2*-ethoxanilide, NJ»I'-bis(3- 
dimcthylaiiiinopropyl)oxaimde, 2-cthoxy-5-tert-butyl-2'-cthaxaniUde and its nuxtiire with 

2- cthoxy-2*-cthyl-5,4*-di-tcrt-butoxanilide and mixtures jof ortiio- and paia-mediaxy- 
disubsdtated oxanilides and mixtures of o- and p-ethoxy-disubstimted oxanilides. 

8. 2-(2-HvdroxvphenvlVh3^-tria2incs, for example 2,4,6-tris(2-hydraxy-4-octyloxy- 
phenyl)-13^-triazine, 2-(2-hydroxy-4Kxayloxyphcnyl)-4,6-his(2,4-dimethylphenyl> 
l,3»5-triazinc 2-<2,4-dihydioxyphenylH.6-bis(2,4Hiimc&ylphenyl)-13,5-triazine, 
2,4-Ws(2-hydixixy-4-propytoxyphenyl)-6-(2,4-dimefliylphenyl)-13»5-ti^^ 2-(2-hy- 
diDxy-4-octyloxyphenylH*^bis(4-methylphenyl)-13,S-txiazine, 2-CWiydroxy-4-dodecyl- 
axyphcnylH,6-bis(2,4-dimethylphenyl>133-triazine, 2-I>hydiaxy-4-(2hydiaxy- 

3- butyIoxy-propoxy)phenyl]-4.6-bis(2,4-dimeihyl)-13,5-ttiaane, 2-I2-hydiaxy-4-(2- 
hydiO]Qf-3-octyloxy-piopyloxy)phenyI]-4,6-bis(2,4-dimetfayl>-l3t5-tri^^ 

Preferred light stabilise are those of classes 1, 6 and 7, including light stabilisers of dte 
ChimassQib SM4» Chimassorb 119,'nnuvin234,'nnnvin312orTmuvin770type. 

If the polyester is a recyclate, it can also be blended with new material or used together 
with new material, conveniratly in a co-extrusion process. 

Further eligible substances are the catalysts that are usually added for caring epoxy resins. 

The invention further relates to the use of a mixture comprising a difunctional epoxy resin 
and a sterically hindered hydroxyphenylalkylphosphonic add ester or half-ester for 
mcreasmg the molecular weight of polyesters and, in particular of polyester recyclates. 
The prefened utilities and preferred polyesters are the same as those refeired to in 
connection with the process. 

The invention also relates to polyesters and polyester recyclates comprising a difunctional 
q>oxy resin and a sterically hindered hydroxyphenylalkylphosph nic acid ester or 
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half-ester. The preferences in connection with said polyesters are the same as those 
referred to in connection with the process. 

The invention is illustrated by the following non-limitative Examples in which and in Hbc 
remainder of the description, mdess otherwise stated, parts and percentages are by weight 

Examples 1-3: 

In a glass tube with stiner, a prediied PET granulate (Melinar® B90 S, ICI) andthe 
components are heated under a stream of nitrogen in an oil bath heated to 280^ After 
10 minutes the polymer blend is sufficiently fused to be sdnable. The bl^ 
20 minutes and then removed from the glass tube. The intrinsic viscosity is detennined 
by measuring a solution of 1 g of die polymer in 100 g of o-dicUorobenzeiie^henoI (1:1) 
at 30°C. The amounts and the results obtained are set forth in Table L 



Tabic 1: Increase in molecular weight of PET 





Pans of epoxy zesin 
Q)er 100 parts PET) 


Parts of hindexed phenol 
(per 100 parts PET) 


InL vise* 

mg> 


Example A 






056 


B 


2 AralditBGT6071 




0.61 


C 




1 Iiganox 1425 


0^3 


1 


1 AralditeGT6071 


1 Irganox 1425 


0.78 


2 


2 AralditeGT6071 


0^ Irganox 1425 


OM 


3 


2 AralditeGT6099 


0^ Irganox 1425 


0S4 



* intrinsic viscosity [r\\ : lim = lim lir[nL ~ 1) 

c-*0 c-»0 



Table 1 relating to Examples 1 to 3, according to die instant invention, show a marked 
increase in intrinsic viscosity, thereby indicating an increase in molecular weight 

Example 4: Following the procedure of Examples 1-3, a PET recyclaie from a bottle 
collection originating from GB in the form of scrap material is fused with one pan of 
Araldite® GY 281 and one pan of Irganox® 1425. An intrinsic viscosity of 0.82 dl/g is 
detennined. 
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Corapaiison Example D: \^thout additives the intrinsic viscosity is only 0.47 dl/g. 
Examples 5-9: 
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Example 10: A PET (Kodapak 7352) is prepared with the indicated ingredients in a glass 
reactor in accordance with Examples 1-3. The resultant material is afterwards moulded in 
a heatable press at 260*^(750 kN for 4 minutes to 2 mm liuck test sheets, iK^u^ 
100°C for 24 h in a circulating air oven, and the Yellowness Index is determined 
according to ASTM I>-1925-70. 



Ex. 


Parts of epoxy resin 
(per 100 parts of PET) 


Parts of hindered phenol 
(per 100 parts of PET) 


M 
[dVg] 


YI 


H 






0.33 


12.7 


J 


1 AiaIditeGT6071 




036 


83 


10 


1 AialditeGT6071 


1 Icganox 1425 


0.83 


5:4-. 



Example 10» according to the instant invention, shows in addition to an increase in ' 
molecular weight a lower YI value, diereby indicating enhanced stability. 



The difunctional epoxy lesins used in the Examples are: 
AraIdite®CjT6071 

(diglyddyl edser of bisphenol A having an epoxy value of Z15-2.22 eq/kg and a softening 
range of 70-75**Q 

Araldite®GT6099 

(diglyddyl ether of bisphenol A having an epoxy value of 0.34-0.42 eq/kg and a softening 
range of 143-158*»Q 

Aialdiie®GY281 

(diglyddyl ether of bisphenol F) 

The sterically hindered hydroxyphenylalkylphosphonic add esters and half-esteis 
used in the Examples are: 



wo 9404188 



FCT/EF94/01108 




wo 9404188 



FCr/EF94/01108 



-20- 



What is claimed is: 

1. A process for increasing Ae molecular weight of polyesters, which comprises heating a 
polyester blended with a difimctional epoxy lesin and a stecically hindered hydroxyphen- 
ylalkylphosphonic acid ester or half-ester to above die melting point (glass transition 
temperature) of said polyester. 

Z A process according to claim 1. which comprises using a polyester lecydate recovered 
from domestic waste, industrial waste or useful material collections, production waste or 
obligatory retumables. 

3. A process accoiding to cadier claim 1 or claim 2, wherein the difimctioiuil epoxy resin is 
an aromatic epoxy ican. 

4. A process accosding to either claim 1 ordaim 2, wherein the difimctionai ^xncy resin is 
a diglyddyl ether of bisphenoL 

5. A process according to either claim 1 or claim 2, wherein die difuncticmal^xxxy resin is 
a diglyddyl ether of 2,2-bis(4-hydnixyphenyl)profpane. 

6. A process accoiding to dther claim 1 or daim 2, wherein the stericaUy hiridered 
hydroxyphenylalkylphosphonic add ester or half-ester concsponds to die fonnnla: 




Rj is isopropyl, tert-butyl, cyclohexyl or cyclohexyl which is subsdmted by 1 to 3 
CpQalkyl groups; 

R2 is H, Ci-Qalkyl, cydohexyl or cyclohexyl yAdch snbstittited by 1 to 3 Ci-Qalkyl 
groups; 
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R3 is Ci-C2oalkyl or substituted or unsubstitutcd phenyl or naphthyl; 

R4 is H, Ci-C2oalkyl or substituted or unsubstitoted phraiyl or naphthyl; 

M^* is a divalent metal cation, and 

n is 1 to 6. 

7. A process acconiing to dther daim 1 or claim 2, wherein the 
droxyphenyla^lP**®^^**"^^ add ester or half -ester is a compound of formula: 




8. A process according to either daim 1 ordaim 2, which comprises using 0.05 pan to 
10 parts of the difunctionalcpoxyresm and 0.01 part to 5 parts of the steiically hindered 
hydroxyphenylalkylphosphonic add csier or half-ester per 100 parts of polyester. 

9. A process according to dflier daim 1 or daim 2, which compiises using 0.10 part to 
3 parts of die difimctianal qx)xy resin and 0.05 to 1 part of die stcxicaUy h^ 
droxyphenylalkylphosphonic arid ester or half-ester per 100 parts of polyester. 

10. A process according to ddier daim 1 or claim 2, wherein die polyester is PET or a 
copolymer diereof. 

11 . A process according to citiier daim 1 or daim 2, wherein die polyester is a polyester 
blend of PBT/PC, PBT/ABS orPBT/ASA. 

IZ Use of a mixture comprising a difimcdonal cpoxy resin and a stericaUy huui^ 
dioxyphenylalkylphosphonic arid ester or half-«ster for increasing die molecular wdght of 
polyester. 

13. Use of a inixture comprising a difimctiond cpoxy resin and a stericaUy hinder^ 
drtMcyphcnylalkylphosphonic arid ester or half-ester for increasing die molecular wdght of 
polyester recydates. 
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14. A polyester comprising a difunctional epoxy lesin and a sterically hindeied hydioxy- 
phenylalkylphosphonic add ester or half-cster. 

15. A polyester lecyclate comprising a polyfunctional epoxy lesin and a sterically 
hindered hydioxyphenylalkylphosphonic add ester or half-ester. 

16. A polyester obtainable by a process as claimed in either daim 1 or claim 2. 
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